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[57] ABSTRACT 

A disk drive system wherein the radial position of a 
sensing head is servoed using signals derived from the 
sensing of servo signals recorded in circular tracks on a 
disk surface and disposed in circumferentially spaced 
sets thereof, each set comprising radially aligned signals 
in a succession of tracks, where the derived signals vary 
cyclically as a function of the radio position of the head. 
The DC offsets of the derived signals relative to a refer* 
ence level are removed by causing a constant velocity 
radial displacement of the head and, for each of the 
derived signals, measuring the durations of the positive 
and negative half-cycles of the derived signal relative to 
the reference level and adding to the derived signal an 
offset voltage sufficient to equalize the durations. 
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made to follow track centerlines, the closer together 

AUTOMATIC €X)RRECnON OF POSITION can the tracks be spaced. 

DEMODULATOR OFFSETS The head-positioning servo system senses the position 

of the read/write head by means of servo signals re- 

CROSS REFERENCE TO RELATED PATENT 5 corded in tracks on the disk pack. In one conventional 

APPLICATIONS arrangement the servo signals are recorded on a dedi- 

This invention is a divisional application of prior cated servo surface, i.e., a surface which contains only 

application Scr. No. 07/490,504, filed on Feb. 27, 1990, these signals. In another conventional arrangement the 

entitled CONTINUOUS-PLUS-EMBEDDED servo signals are embedded in the data. That is, they are 

SERVO DATA POSITION CONTROL SYSTEM recorded in servo fields at the beginnings of the data 

FOR MAGNETIC DISK DEVICE, and now U.S. track sectors. The embedded servo signals have the 

Pat. No. 5,109,307 which is a continuation application capability of providing more accurate data head posi- 

of prior application Scr. No. 07/308,963, filed on Feb. tion information than the dedicated servo signals. How- 

10, 1989, now abandoned, which was a continuation of ever, because they are spaced apart by the data sectors 

prior application Ser. No. 07/106.017, filed on Oct. 1, on the data tracks and arc thus sampled periodically at 

1987, now abandoned, which was a continuation of a relatively low rate, they are incapable of providing 

prior application Ser. No. 06/926,885, filed on Nov. 6, position signals having high frequency components. On 

1986, now abandoned, which was a continuation of a dedicated servo surface, on the other hand, the servo 

prior application Ser. No. 06/376,971. filed on May 10, signals on each track are essentially continuous and thus 

1982, now abandoned. 20 ^^^^ provide position information having a subsun- 

This invention is also related to commonly assigned tially broader frequency band. 

U.S. Pat. No. 4,536,809, titled ADAPTIVE MISPOSI. ^ ^ 

TION CORRECTING METHOD AND APPARA- DESCRIPTION OF PRIOR ART 

TUS FOR MAGNET^^^^ SERVO SYSTEM U.S. Pat. No, 4,115,823, issued to Commander, et al., 

issued on Aug. 20, 1985, by the same inventor hereof. 25 ^.S. Pat. No. 4,072.990, issued to Case, et al., de- 

the application havmg been mcorporated by reference ^^^be a servo control system using both embedded 

' ' ^ * °' ' • servo signals and signals from a dedicated servo surface. 

BACKGROUND OF THE INVENTION Th« signals from the dedicated surface are used during 

A magnetic disk device, commonly termed a "disk 30 ^IS^^^^^^^^ 

drive", b a storage device used in data processing sys- ?ons tl^e sj^^^^^^ 

tern for storing retrievable digital daU in magnetic «to ^ -hy^^nd; position error signal that is used to 
form. The data is stored on a rotating magnetic disk in P^T"" * re^d/wnte head. Specifically, 
a set of concentric circular patterns termed "tracks-. A ^y^"^ * coinbination of the low frequency 
read/write head is mounted on a carriage that moves 35 componentsof the embedded servo signal with the high 
the head radially to bring it to a desired track and then frequency components of the dedicated servo signal, 
maintains it in position over that track so that the head ^ wide-band hybnd position error signal 
can record a series of data bits or, alternatively, retrieve mamtainmg the accuracy provided by the low 
a series of bits from the track as the latter rotates under frequency components of the embedded signals. Still, 
the head. Large-capacity disk drives incorporate a plu- 40 arrangement does not provide the positioning accu- 
rality of such disks mounted for rotation together on a ^'^^V needed for the increased track density desired in 
single spindle. A least one separate read/write head is newer, high performance disk systems, 
used for each disk surface, all the heads being mounted SUMMARY OF THE INVENTION 
on the same carnage to provide a comb-hke arrange- 
ment in which the heads move in and out in unison. 43 The principal object of the invention is to provide a 
The carriage on which the read/write heads are multi-platter disk drive having an improved head posi- 
mounted is incorporated in a servo system which per- tioning system capable of positioning the data heads 
forms two distinguishable functions in moving the car- with relatively small error. 

riage. The first of these is a "seek** or "access** function A more specific object is to provide a disk drive in 

in which 4he servo system moves a read/write head to 30 which the head positioning system makes use of both 

a selected track from a previous track which may be a dedicated and embedded servo data, 

substantial number of tracks distant. When the head Another object of the invention is to provide a disk 

reaches the desired track, the servo system commences drive of the above type capable of closely following 

a **track following" function in which it accurately data track centerlines and therefore capable of a rela- 

positions the head over the ccnterline of the selected 35 tively high track density. 

track and maintains it in that position as successive A further object of the invention is to provide a disk 

portions of the track pass by the head. drive of the above type in which the servo data can be 

The seek and track-following functions impose differ- recorded at relatively low cost, 

ent constraints on the servo system. During a seek oper- The disk described herein incorporates a number of 

ation the carriage must be moved as fast as possible so as 60 features which accomplish the foregoing objects. First, 

to minimize the time required for that operation. Veloc- instead of combining only the low frequency compo- 

ity accuracy is also important in establishing a velocity nents of the embedded servo signal with the high fre- 

trigectory and good arrival characteristics; During a quency components of the dedicated servo signal, I 

track-following operation, on the other hand, position combine the entire embedded servo signal with the high 

accuracy is a most important factor. The accuracy with 65 frequency components of the dedicated servo signal to 

which the read/write head can be made to follow the provide the hybrid or composite track error signal used 

track centerline is a determining factor for the track in the servo system. Ais will be seen from the description 

density on the disk. That is,. the closer the.head can be below, this means that the composite error signal is 
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comprised almost entirely of the embedded servo signal FIG. 5 is a table of logic relationships governing the 

and, thus, is capable of following the data tracks more output of the track identification unit depicted in FIG. 

closely than the prior hybrid systems. 4. 

As a further feature of the invention, I use high fre- FIGS. 6A and 6B contain a circuit diagram of the 

quency bursts as the embedded servo signals. Specifi- 5 embedded servo data demodulator of FIG. IB. 

cally, each sector on a data track begins with an embed- FIG. 7 is a diagram of various timing relationships in 

ded servo field containing first a high frequency burst the circuit of FIGS. 6A and 6B. 

bordering the track centerline on one side and then a - FIG. 8 is a circuit diagram of the dedicated servo data 

second high frequency burst bordering the centerline demodulator of FIG. lA. 

on the opposite side. Thus, as the servo field passes 1^ 9 is a circuit diagram of a ponion of the auto- 

under the read/write head, the head senses first one ^^^i^ control circuit used in the demodulator of 

burst and then the other. If the head is displaced from ^- 

the desired on-oenterline position, the received ampli- ^® ^ diagram of the phase-locked loop unit of 
tude of one burst will be grater than that of the other 

and it is this difference that is used as the embedded ^* * circuit diagram of the servo signal detec- 

servo position error signal. ^'sed in the phase-locked loop unit. 

This type of embedded servo signal has been used » » circuit diagram of a SYNC signal dctec- 

before, but it has not, to my knowledge, been used in ^» phase-locked loop unit, 

conjunction with a dedicated servo surface. It provides ^ ^ diagram of a synchronization pattern 

an important advantage resulting from the fact that the ^0 detector used in the phase-locked loop unit, 

circumferential positions of the servo bursts need not be ^ * ^^^^^ diagram of the velocity estimator 
maintained with in tight tolerances as discussed below. 

Thus, the embedded servo signals can be written on the f / mr?^??"^ diagram of the position error 

data surfaces by the same disk drive that reads and „ ^^^^^^^^ 

writes data on these surfaces. That is. a disk assembly 1^^. 16B and 16C are graphic represcnUtions 

with a pre-recorded dedicated servo surface can be offrequencycharactenstics associated with the position 

mounted on the drive and the drive can then use the error estimator, - ^ ^ ^. 

servo information from the dedicated disk to radially J^?' * circuit diagram of the dedicated servo 

position the heads on the data surfaces and time the measuremem unit of FIG. lA. 

writing of the embedded servo bursts. With other types DESCRIPTION OF AN ILLUSTRATIVE 

of embedded servo formats, the servo signals must be EMBODIMENT 

tl^^^^n^^^ JnrJ^^TT, '"'^ t"'^'^'^"^ P"«' « P"^'y ofsucked magnetic disks 12, 14 and 16 

mformation must be pre-recorded on a h.ghly expensive ^hld, are mounted in spaced relation for rotation with 

machine deigned for that purpose , i„d,g ,8_ ^ ^^^^y^ ^0 supports a set of 

Anotner leaiure oi tne drive is the use of novel auto- read/write heads or transducers 22-26. positioned to 

matic gam control circuits descnbed below, in the 40 read and write data from the upper and lower surfaces 

de ection of the servo signals. These gam control cir- of the disks 12 and 14 and the upper surface of the disk 

«"hZc wtT t^"^ "^'"^'u ^<>"!'^ ^o?PS 16. The carriage also suppons a readK)nly head 27 posi- 

and thus high-gain loops can be used for close fdlowmg tioned to read servo information recorded on the bot- 

of variations m the strengths of the recorded servo tom surface ofthe disk 16, this surface being a dedicated 

^8"*". 4j servo surface 

Still another feature is the use of a Gray code ar- jhe carriage 20 is moved to and fro by an electro- 

rangement in detecting the passing of track boundaries magnetic actuator 28 to displace the respective trans- 

dunng seek operations for identification of the tracks ducers in and out radially with respect to the disks 12. 

passing the read/wnte heads. The system includes cir- u and 16 so as to access selected circular tracks of 

cuitry which makes use of the Gray code in preventing 50 magnetically recorded information on the disks. The 

signal Jitter from providing false track identifications. tracks arc selected under the overall control of a drive 

The dnve also includes a number of other features control unit 30 that receives instructions from a data 

which are described below. processing system to which the depicted disk system is 

BRIEF DESCRIPTION OF THE DRAWINGS connected. Typically the drive control unit will receive 

Tyirra^ • a j . . instructions to read or write data on a selected track on 

RGS. lA and IB contam a diagram of a disk drive a selected data surface of the disk assembly 20. The 

embodying the mvenUon. present invention is directed to the servo system that 

FIG. 2A schematically depicts the arrangement of moves a read/write head to a selected track and main- 
sign^ on the dedicated servo surface. tains it in position over the center line of that track 

FIG. 2B schematically depicts the arrangement of 60 during a reading or writing operation, 

embedded servo signals on a data surface. More specifically, with further reference to FIG. IB, 

FIGS. 3A and 3B represent signals derived from the the data transducers 22-26 are connected to a head 

dedicated servo surface as a function of the radial posi- selection and amplifying unit 32 by a set of conductors 

tion of the servo head. 34. Jhe unit 32 selects a data surface in the disk assem- 

FIG. 3C graphically illustrates the derivation of the 65 bly 10 by connecting to one ofthe data heads 22-26 in 

Gray code representation of track identification. response to head select signals from the drive control 

FIG. 4 is a schematic diagram of the track identified- unit 10. The unit 32 is also connected to read/write 

tion unit of FIG. IB. circuits 34 which convey data from the disk assembly 10 
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to the data processing system during read operations 
and in the opposite direction during write operations. 
The circuits 34 also provide an automatic gain control 
signal for the unit 32. During both read and write opera- 
tions, embedded servo signals are read and write opera- S 
tions, embedded servo signals are read from the selected 
data track and they are passed by the unit 32 to an 
embedded servo data demodulator 36. 

At the same time the output of the servo transducer 
27 is applied to a conventional preamplifier 38 whose 10 
output in turn is fed to a dedicated servo data demodula- 
tor 40. The output of the demodulator 40 appears in an 
essentially time multiplex manner on four conductors 
42A^2D. These dedicated track position signals are . 
passed to a position estimator 44 along with an embed- 15 
ded track error signal from the demodulator 36. The 
output of the position estimator 44 is a composite track 
error (COMPOSITE TE) signal which, after modifica- 
tions described herehi, is applied to a power amplifier 46 
which controls the actuator 28, thereby to close the 20 
servo loop and thus bring a data head to the desired 
track and maintain it on the centerline of that track. 

More particularly, the composite track error signal 
from the position estimator 44 is summed in a summer 
48 with the output of a low frequency gain boost unit 50 25 
and with a misposition correction signal from a digital* 
/analog converter 52. The input to the converter 52 is a 
digital runout and biais force correction signal derived 
by the drive control unit 3D in a manner to be described 
. below. The output of the summer 48 in turn is passed 30 
through a mode switch 54 to a second summer 56, The 
summer 56 adds to the track error signal a velocity 
estimator 58 and a velocity command derived by a 
digital/analog converter 60 from signals provided by 
the drive control unit 30. 35 

The output of the summer 56 is passed through a 
limiting amplifier 62 and a frequency compensation 
network 64 before being applied to the power amplifier 
46. 

During seek operations the switch 54 is open so that 40 
the input to the summer 56 consists only of (1) the ve- 
locity command signal from the drive control unit 30, 
and (2) the velocity feedback signal from the velochy 
estimator 58 which is subtracted from the velocity com- 
mand signal by the summer 56 to provide a velocity 45 
error feedback signal. 

The drive control unit 30 provides the velocity com- 
mand, which is based in a well-known manner on the 
distance of the servo transducer from the track to which 
it is being moved. This distance, which may be termed 50 
coarse position information is provided by a track dif- 
ference down counter 66 which is initially loaded by the 
drive control unit 30 with the number of tracks to be 
crossed in moving to the selected track. The counter 
then counts down in response to a track crossing pulse 55 
emitted by a track identification unit 68 each time the 
servo head 27 passes over a track on the way to the 
destination track. The track identification unit 68 each 
time the servo head 27 pasises over a track on the way to 
the destination track. The track identification unit 68 in 60 
turn responds to output signals from the dedicated 
servo dau demodulator 40 on conductors 42B-42D. 

When the selected track is approached, the switch 54 
is closed and it remains closed during the subsequent 
track-following operation, so that the sununer 56 re- 65 
ceives the composite track error signal from the posi- 
tion estimator 44 as modified in the summer 48. During 
this mode of operation the digital/analog converter 60 
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receives no velocity command from the drive control 
unit 30. However, a velocity feedback signal is pro- 
vided by the estimator 58. 

The velocity estimator 58 derives its velocity signals 
from the dedicated servo position signals on conductors 
42A-42D during seek operations and from the compos- 
ite track error sipal provided by the position estimator 
44 during the track following operations. It is switched 
between these two modes of operation by a control 
signal from the drive control unit 30 as indicated in 
FIG. iA. 

Timing signals for the drive are derived by a phase- 
locked loop unit 70 described below. In particular, the 
unit 70 provides appropriate timing signals for opera- 
tion of the servo demodulators 36 and 40. 

FIG. 2A depicts the configuration of the flux transi- 
tions recorded on the dedicated servo surface of the 
disk 16 (FIG. IB). The servo information is recorded in 
tracks whose oenterlmes are represented by arcuate 
lines. The servo Information is read by the servo head 
27, which has an effective width equal to two track 
widths. The servo surface is preferably polarized in one 
direction, for example right to left in the drawmg, and 
the servo signals are recorded as dibits, each of which 
comprises a first transition from right-to-left polariza- 
tion to a left to right polarization and a second transition 
returning the polarization to right-to-left. These dibits 
are depicted with legends indicating the gener- 

ation of positive pulses in the head 27, followed by 
/— " transitions indicating the generation of nega- 
tive pulses. 

The servo signals in FIG. 2A are arranged in frames, 
each of which comprises a synchronizing field 74 con- 
taining synchronizing dibits SI and S2, followed by a 
positioning field 75 in which the dibits arc arranged in 
radially extending groups designated as A, B, C, and D. 
The signals generated by the head 27 in reading these 
positioning dibits are used by the system to determine 
the radial position of the head. 

More specifically, in the circumferential positions B 
and D the positioning dibits are centered about alternate 
even-numbered tracks with the B dibits centered, for 
example, on tracks 78 and 82 and the D dibits centered 
on tracks 80 and 84. In similar fashion the A and C dibits 
are centered on alternate odd-numbered tracks 77, 79, 
81, and 83. Each dibit has a width equal to two track 
widths. Dibit patterns of this type are disclosed in IBM 
Technical Disclosure Bulletin. Vol. 18, No. 10, March, 
1976, by R. K. Oswald and in U.S. Pat No. 4.238,809, 
issued to Fujiki, et al. 

In the system described herein, there is an S2 dibit 30 
in every synchronizing field 74. However, in each track 
the SI dibit is omitted in a pattern of frames to provide 
an index mark. Additionally, there are continuous pat- 
terns of missing SI dibits in inner and outer guard bands 
(not shown). These patterns are not a part of this inven- 
tion. However, in the embodiment described herein the 
SI dibit is never omitted from two successive frames, a 
factor which will be discussed in connection with the 
description of the phase-locked loop system hereinbe- 
low. 

FIG. 3A illustrates the variations in the amplitude of 
a dedicated servo dibit signals as a function of the radial 
displacement of the servo head 27. In this connection it 
is assumed that in FIG. 2A the amplitude of a dibit 
signal generated by the head 27 is essentially propor- 
tional to the portion of the width of head 27 that tra- 
verses the dibit. Thus, in the illustrated position of the 
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head 27, the A dibits will generate a signal of full ampli- circuit is clocked by a high frequency squarewave pro- 

tude, whereas B and D dibits will generate half-ampli- vided by the control unit 30. 

tude, signals and the signal generated by the C dibits Assume that initially a valid next state signal from the 

will have zero amplitude. Moreover, when the head is decoder 94 is not asserted and that a flip-flop 104 is in 

centered on even-numbered track centerlines such as 3 the reset condition. Successive negative transitions of 

centerlines 78 and 80, the A and C dibit signals are both the clock signals, as passed by an inverter 106, cause the 

of half amplitude and, thus, equal. Conversely, when flip-flops 100 and 102 to continually sample the outputs 

the head 27 is centered on odd-numbered track center- of the comparators 90 and 92. As long as the flip-flops 

lines, the B and D dibit signals are half amplitude and <lo not contain the next valid Gray code representation 

thus equal. 10 of the head position, the decoder 94 will continue to 

Returning to FIG. 3A, it will thus be apparent that negate the valid next state signal and the unit 68 will 
the even-numbered servo track centerline positions of essentially idle. When the comparator outputs ulti- 

the servo head 27 are a designated as E, while the odd mately correspond to the Gray code representation of 

numbered track positions are designated as O. These "^^^ ^^^^ ^ sequence, the flve-bit address 

positions are determined by subtracting the A and C applied to the decoder 94 causes the memory to emit a 

signals, and also the B and D signals, to ascertain the "^^^ state signal. This signal conditions the flip- 

equalities of the respective amplitudes. Subtraction also ^et by the succeeding positive-going tran- 

provides fliriher track information as will now be de- "^^^ ^^^^ signal. In turn the change of state of 

scribed. flip-flop 104 clocks the states of the flip-flops 100 

With reference to FIG. 3B, the track identification and 102 into the flip-flops 96 and 98. With the new Gray 

unit 68 makes use of the (A-C), (B-D), (D-B). and (C-A) state contamed m flip-flops 96 and 98, the flip-flops 

signals from the dedicated servo demodulator 40 (FIG. "° ^°"Ser contain the bits for the next state 

1). The (A-C) and (B-D) signals have zero values corre- ^."^ J^^^l?^'". ^ ^erefo" negates the valid next state 

spending to centerline positions on even- and odd-num- „ ^'^^ ^^'^^X immediately resetung the flip-flop 104. 

bered tracks as described above. Additionally, the unit foregomg sequence is repeated each time the 
68 is arranged to provide an unambiguous indication of ?ytP««5<he comparators 90 and 92 correspond to the 

head position within four consecutive tracks which, for ^'^^^"^^ ""^ThT m^^ « T""^ u 'V 

convenience, are numbered as indicated at the bottom ?,^t"rS tKlf A«^v ^\ °" r ' 

of FIG 3B assume that after a transition to a new Gray code state, 

Furthermore, as will be understood from FIG. 3C, Jlf^lZfnf^^^^^^ 

comparison of the values (B+C) and (A-f D) and fur- Tf^^ of the comparator 90 or 92 whose transition 

tKpr o.^m««r4c«« «f t^r.^uZ^rfnlrZl^^^ resulted m the change of state reverses its state in re- 

ther companson of the valu« of (C-^D) and (A+B) j^^^^^^^^^ ^ ^ 

£irA.?nH-n?t v"' ''''k ^^'^^'P' '6 and 98. since the false chLge of state 

bers. Asmdicated mFIG, 3C, the transitions m the two 35 ii^dicaied to the flip-flops 100 and 102 will nofberecog- 

Gray code s.^als are charactenzcd by a degree of ^ ^ ^^^^ ^^^^ ^^^^ ^ ^^^^er 94, Thus, the 

uncertainty in that when two compared quantities are ^jy^uit of FIG. 4 provides an orderly progression of 

approximately equal, noise can result in a jitter of the grates representing continuous movonent of the se- 

companson signal i.e. cai«ie it to shiftback and forth le^ted data head from one track to the next during a 

between one logic level and the other. The track identi- ^ gg^j^ operation 

flcation system ehminates the eflect of this jitter, thus jj,e decoder 94 transmits to the control unit 30 (FIG. 

preventmg it from adversely afi^ccting operation of ib) a binary track identiflcation derived from the states 

circuits which depend on continuous progrosion of the of the "present state'* flip-flops 96 and 98, The decoder 

track Identification signals m the proper order. 94 also provides a set of track-type signals used by the 

Turmng now to FIG. 4jhe track identification unit 45 velocity estimator 58 (FIG. 1). These signals corre- 

u "u "u^'A''^^*'?!?! ^ ^^T'"^ '"P"^ terminal at spond to the track identiflcation numbers as indicated, 

which the (A-Q and (D-B) voltages are summed. The jlie memory 94 also provides a one-bit signal indicating 

comparator 90 thus compares the voltages (A+D) and whether the present track is an even or odd track. The 

(B-hC) and provides «i assertion level output when track-type signals and the even/odd signal are derived 

(B+C) exceeds (A-f-D). Similarly, a comparator 9 re- 50 from the states of the flip-flops 100 and 102. The signals 

ceives the (A-C) and (B-D) voltages and provides an are thus subject to variation because of jitter as dis- 

assertion level output when (C-fD) exceeds (A-hB). cussed above. However, in the circuits that use them, 

Thus the outputs of the comparators 90 and 92 corre- the instantaneous values are important, not the informa- 

spond to the two Gray code bits of FIG, 3C. whose lion contained in the flip-flops 96 and 98. 

transitions correspond in turn to the crossings of the 35 With further reference to FIG. 4, a flip-flop 108, 

data track boundaries. These outputs are applied to a which responds to the resetting of the flip-flop 104, 

fimte state machine governed by the table in FIG. 5. provides a single pulse to the track difl*erence counter 

This table m turn represents successive values in the 66 of FIG. 1, corresponding to each crossing of a track 

Gray code position representation of FIG. 3C. boundary. 

Specifically, the unit 68 includes a decoder 94, whose 60 FIG. 8 is a diagram of the dedicated servo demodula- 

input is the combination of (1) the outputs of a pair of tor 40 of FIG. IB. The servo signals from the dedicated 

flip-flops 96 and 98 representing the Gray code repre- servo surface arrive at the demodulator 40 in differen- 

sentation of the present track position of the data heads, tial form on a pair of conductors 110 and 112, which 

(2) the outputs of a pair of flip-flops 100 and 102 con- apply these signals to a controlled gain amplifier 114 

taining successive samples ofthe outputs of the compar- 65 described below in detail. The output of the amplifier 

ators 90 and 92, and (3) a fifth bit representing the direc- 114 is passed through a low pass filter 116 and a buffer 

tion of head movement, i.e., forwarded or reverse, as amplifier 118 to a set of peak detectors 120, one for each 

indicated by a signal from a drive control unit 30. The of the A, B, C, and D servo signals (FIG. 2A). These 
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signals, arrive at the demodulator in a fixed time se- function generator 136. The difierential input signals on 
quence and they are gated into the corresponding peak conductors 110 and 112 are passed through blocking 
detectors 120 by signals from the phase-locked loop unit capacitors 138 and 140 to voltage dividers comprising 
70. The outputs of the peak detectors 120 in turn arc s^es resistors 142 and 144 and shunt resistances pro- 
applied to a set of differencing amplifiers 122 which 5 vided by diodes 146 and 148 in the form of appropri- 
providc the depicted difference signals (A-C), etc. atcly connected transistors. From the voltage dividers 
Since the instantaneous values of the output signals of the signals pass through a second set of blocking capaci- 
the demodulator 40 are used by other circuits, in the tors 150 and 152 to a difference amplifier 154 whose 
system, these signals must be unmunizcd against varia- output is the output of the gain controlled amplifier 114 
tions m the underlymg A, B, C. and D sciyo voltages lo of FIG. 8. The diodes 146 and 148 are provided with 
resultmg from such factors as anomalies m the magnetic ^ias currents by a pair of transistors 156 and 158. each of 
medmm on Ae dedicated servo ?vrfa«^^^ cf- ^^osc input is the integrated feedback error signal 
focts climmated, the voIUg« wiU tten be truly repre- ^^i^^ is applied as the base-emitter voltage of the tran- 
sentative of he radial position of the servo head 27 ^j^j^^. ^ 

STiS l^^l^'^^^^^C'^T " '""her reference to FIG. 9. integration of the 

matic gam control circuit to accomphsh this function. .r^^^ f,^«, u^r i*-* 

At the outset one should bear in mind that no one of .^Tk if /i^^^ ^ c ^^^ l • ' 
the A. B. C, and D voltages can be used as a feedback P^°^^^5^ l^f 160 having a feedback circuit 
signal for gain control, Snce these signals vary with compnsing the pardlcl combination of mtcgrationca. 
h^d position. However, from inspection of FIGS. 2A 20 P*'?*^" !^ '"''^'''t i^* 
and 3A. it will be seen that when the position of the '^^^""'f 166 and 168 are current-Iimitrng and do not 
servo head 27 corresponds to an odd data track, whose othtrv^isc affect the operation of the circuit. The fced- 
ccnterline might correspond, for example, to the center- provided by the capacitors 162 and 164 to the 
line of the servo track, the sum of the A and C signals summing circuit 132 provides the requisite integration 
will be independent ofthe radial position ofthe head on 25 °"^P^* amplifier 160, this output being 
that track. Similarly, when the head 27 position corre- W^ied to the emitters of the transistors 156 and 158. 
sponds to even data track, whose ccnterline might cor- . The circuit of FIG. 9 accomplishes the desired expo- 
respond, for example, to the servo track boundary 84 in nential gain-error voltage relationship as follows. The 
FIG. 2A, the sum ofthe B and D voltages will be inde- collector currents of the transistors 156 and 158 are 
pendent of the radial position of the head on that track, jq exponentially related to the base-emitter voltages of the 

Accordingly, as shown in FIG. 8, the A, B. C, and D transistors and are thus exponentially related to the 

voltoges from the peak detectors 120 are applied to a set gain-control error voltage provided by the integrator 

of summing circuits 124 which provide (A+C) and 134. These collector currents pass through the diodes 

(B-f D) voltages to an AGC basis selector 126. In the 146 and 148, respectively. The diodes in turn have dy- 

selector 126 these signals pass through a switch 128 and 33 namic resistances which are inversely proportional to 

a switch 130. The switch 130 may be considered to be the currents through them. The dynamic resistances of 

closed for the purposes of this description, with the the diodes are much less than the resistances of the 

switch 128 being switched between the even and odd resistors 142 and 144. The voltages applied to the ampli- 

positions by the even/odd signal from the track idcntifi- fier 154 are therefore essentially proportional to the 

cation unit 68. ^ diode resistance and thus inversely proportional to the 

Thus the appropriate gain control signal is fed back collector currents of the transistors 156 and 158. The 

dcpendmg on whether the position of the servo head circuit thus provides the following two relationships: 
corresponds to an odd or even data track. This signal is 

then applied to a summer 132 for comparison with an laCse^^ 
AGC reference voltage and the resulting enor voltage 

is integrated by an integrator 134. The output of the where I is the transistor collector current, and 

integrator 134 in turn is applied to a feedback function 

generator 136 that supplies the control current to the K-cvi 

controlled amplifier 114. 

In order to provide the desired degree of immunity . where K is the gain of he voltage divider provided by 

from variations in signal strength, the automatic gain the resistors 142 and 144 and diodes 146 and 148. The 

control circuit must have a high loop gain. For stability foregoing formulas can be combined to provide 
of operations, this required a large loop bandwidth 

which is constant over the variations in the strength of KeCie-^^^ 
the incoming servo signals. 

I have found, that the requisite bandwidth characteris- the desired relationship provided by the feedback func- 

tic can be obtained applying an inverse exponential tion generator 136 of FIG. 8. 

relationship between the gain of the controlled ampli- The phase-locked loop unit 70 is broadly illustrated in 

fier 114 and the AGC feedback voltage that controls FIG. 10. Basically the unit locks a voluge-controlled 

that gain. Specifically, the relationship between the gain oscillator 170 to the S2 synchronizing signals included 

K of the amplifier and the feedback voltage, V, should in every frame on the dedicated servo surface (FIG. 

have the form 2A). Input signals from the dedicated servo-data de- 
modulator 40 (FIGS. 1 and 8) are applied to a servo 

K-Cie-*^'' signal detector 172, whose output is applied to a SYNC 

2 detector unit 174. The detected SYNC 2 signal in turn 
where CI and Clare constants. In FIG. 8 this relation- 65 ^5^^ ^ ^^^^^ of ^ detector 176 in the phase- 
ship is provided by the function generator 136. lock loop of the oscillator 170. The phase error output 
FIG. 9 discloses in detail a circuit incorporating the of the detector 176 is fed to a charge pump 178 whose 
gain comrolled amplifier 114. the integrator 134 and the output is integrated by an integrator 180, the output of 
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the integrator 180 being the control voltage for the vide, in essence, a continuous transition from a positive 

oscillator 170. The output of the oscillator 170 is di* peak to a succeeding negative peak. The point at which 

vided in frequency by a counter 182 which, every time this transition crosses the zero axis is well defined as 

it cycles, applies a "frame*' pulse to the phase detector compared with other parts of the dibit and is quite in- 

176. In the illustrated system the counter 182 divides the 5 sensitive to variations in overall dibit amplitude. The 

frequency of the oscillator 170 by a factor of 64» and detector 174 operates to detect these transitions, 

thus the oscillator 170 has a frequency 64 times that of The positive-going transitions in the output of the 

the SYNC 2 pulses. The oscillator output is also used as amplifier 196 correspond to these transitions within the 

a write clock signal for the read/write circuits 34 (FIG. servo dibit signals and it is these transitions to which the 

1)* 10 SYNC 2 detector 174 and SYNC 1 pattern detector 190 

Continuing in FIG. 10, the frame pulses from the respond. The diodes 198 and 200 become non-conduct- 
counter 182 are counted by a sector counter 184. The • ing and therefore offset the slight positive voltage from 
counter 184 provides a sector pulse each time it counts the output of the comparator 196 at its positive input 
a number of frame pulses equal to the length of a sector when it is at the non-asserted level and thus assure that, 
on a data disk. Further, it counts the sector pulses. The IS with the feedback, the positive-going comparator tran- 
counter is reset by an index pulse, developed as de- sittons occur at zero input voltage, 
scribed below, each time the disk assembly rotates past FIG. 12 depicts the circuit of the SYNC 2 detector 
the index position. Thus, sector pulse count, which is 174 of FIG. 10. At the outset, certain characteristics of 
passed to the control unit 30 (FIG. 1) is the sector-iden- the dedicated servo signals should be kept in mind, 
tifying number. The sector pulses are also used to reset 20 First, most frames contain both the SI and S2 dibits, 
a counter 186 which serves as a tnner for the embedded Secondly, the SI dibit is never absent from two or more 
servo data as described below. When the counter 186 is consecutive frames. Furthermore, in frames containing 
reset, which occurs at the beginning of each data sector, both SI and S2 dibits, these two dibits are substantially 
it begins counting high frequency pulses from the more closely spaced than are any other pair of dibhs. 
counter 182 and continues until the counter reaches its 25 Finally, in accordance with the operation of the servo 
maximum count, sixteen in the illustrated example, at signal detector 172 just described, the detection of a 
which time it disables hself and thus stops counting until dibit is represented by a rising transition of the output of 
the next sector pulse is received. As will be seen, the that detector. Similarly, in the output of the SYNC 2 
frequency of the pulses counted by the counter 186 is detector 174, rising transitions represent the occurrence 
such that the interval during which the counter counts 30 of the S2 dibits. The triggered and clocked circuit ele- 
spans the embedded servo field in each sector of the ments in the illustrated circuits respond to the rising 
data track one of the data surfaces. transitions of the signals applied to them. Such transi- 

The contents of the binary counter 182 are applied to tions in the output of the detector 172 are referred to as 

a decoder 188, which provides the A, B, C, and D gate "signals**. 

signals used by the dedicated servo demodulator 40 of 35 Each SYNC signal received from the servo signal 

FIG. 8 as described above. The decoder 188 also pro- detector 172 is applied to a retriggerable one-shot 210 

vides SYNC 1 and SYNC 2 gate signals. The outputs of whose output is passed by a gate 212 and an OR circuit 

the decoder 188 are derived from counts in the counter 214 to enable a flip-flop 216. The one-shot 210 asserts its 

182 that occur at the appropriate times for these various output for an interval slightly longer than the interval 

gating signals. 40 between an SI dibit and the succeeding S2 dibit, e.g., 

The phase-locked loop unit 70 of FIG. 10 also in- 375 ns. Thus, if the signal that triggered the one-shot 
eludes a SYNC 1 pattern detector unit 190 which de- 210 was an SI signal, the following S2 pulse, serving as 
rives its input from the servo signal detector 172. The a clock input for the flip-flop 216 will cause the flip-flop 
pattern detector 190 provides the index pulse discussed to set, thereby presenting a SYNC 2 signal at its output 
above, as well as the signals indicating that the servo 45 terminal. The one-shot 210 will then time out before the 
head 27 is positioned over an outer guard band or an next servo signal, which will be derived from a position- 
inner guard band. It also provides signals indicating soft ing dibit (FIG. 2B), thereby disabling the flip-flop 216. 
errors as discussed below and an unsafe condition of the The next signal will thus reset the flip-flop, thereby 
phase-locked loop, also discussed below. deasserting its output. 

The servo signal detector 172 is illustrated in FIG. 11. 50 If a frame contains no SI dibit, the S2 signal will 

The input signals from the demodulator 40 (FIGS. 1 arrive with the flip-flop 216 disabled and will therefore 

and 8) pass through an AC coupler 192 which removes not provide a SYNC 2 output from the flip-flop. To 

any DC bias from these signals, and then through a low recapitulate, the one-shot 210 and associated circuitry 

pass filter 194 to the inverting input terminal of an am- provide- SYNC 2 output signals during servo frames in 

plifier 196. The output of the amplifier 196 is fed back to 55 which both the SI and S2 dibits are present. When the 

the non-inverting input terminal of the amplifier by way SI dibit is absent, the circuitry in the lower part of the 

of a pair of diodes 198 and 200 and a voltage divider detector 174 enables the flip-flop 216 to provide the 

comprising resistors 202 and 204. The output of the SYNC 2 output. 

comparator switches between a relatively high positive More specifically, in frames containing both the SI 

voltage and a very small positive voltage in response to 60 and S2 dibits, the output of the one-shot 210, m response 

negative voltages, respectively, from the low pass filter to the SI signal from detector 172, enables a flip-flop 

'^94. 218 to be set by the succeeding S2 signal. The output of 

The detector 174 operates to detect the negative- the flip-flop 218 in turn triggers a one-shot 220 which 

going zero crossing between the two pulses in each of immediately resets the flip-flop 218, the output of the 

the servo dibits. As described above, each of these dibits 65 latter flip-flop thus being a narrow pulse as depicted, 

provides a positive pulse followed by a negative pulse. The one-shot 220 asserts its output for an interval some- 

The two transitions of each dibit are spaced close what less than the interval to the next possible SI pulse, 

enough together so that the two pulses overlap to pro- This signal inhibits the gate 212 and thus provides a 
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measure of noise immunity, by preventing the one-shot The above-described operation of the phase-locked 

210 from enabling the flip-flop 216 until the time slot for loop in the SYNC 2 detector 174 requires the receipt of 

the SI signal in the next frame. a series of SI, S2 signal pain. Specifically, if an SI signal 

The leading edge of the output of the one-shot 220 is absent in a frame, there will be no pulse from the 
triggers a voluge-controlled, variable one-shot 222 5 flip-flop 218 to clock the flip-flop 230. The latter flip- 

which limes out after an interval that nominally tcrmi- flop may therefore remain too long in one state, thereby 

nates, in the next servo frame, 150 ns before the arrival unduly changing the timing interval of the one-shot 222. 

of the next S2 signal. At the end of this interval, the I therefore employ a signal pair detector that disables 

rising edge of the output of the one^ot 222 clocks a B^tes 232 and 238 in those situations, 
flip-flop 224. If an SI signal occurs in the new fnune 10 Specifically, the output of the one-shot 220, in re- 

before the 52 signal, the resulting output of the one-shot sponse to receipt of an SI, S2 signal pair, triggers a 

210 will hold the flip-flop 224 in the reset state. How- retriggerable one-shot 240 whose timing interval is 

ever, if there is no SI signal in this frame, the one-shot slightly longer than one frame. If then a second SI, S2 

210 will not have asserted its output at this time. The ^ received in the next frame, the output of 

clocking of the flip-flop 224 by the output of the one- *e flip-flop 218 wiU clock a flip-flop 242 that is enabled 

shot 222 will therefore set the flip-flop 224, thereby by the one-shot 240. thereby setting the flip-flop 242 and 

enabling the flip-flop 216 by way of the OR circuit 214. enabling the gates 232 and 238 to permit operation of 

The arrival of the S2 signal in that frame will then set phase-locked loop. If the second SI, S2 signal pair is 

the flip-flop 216, with a resulting SYNC 2 output as revived, the one-shot 240 to time out, thereby 

described above- The flip-flop 224 will then be reset by dt^bling the flip-flop 242. Upon receipt of an 81, S2 

the one-shot 210 upon the receipt of the next servo pulse 5?*^ ^^^^^ " ^"^^ ^^^^ 

from the servo signal detector 172. *"irf « ^P-^^p 242 slightiy be- 

With further reference to FIG. 12. the SYNC 2 detec- W^S^^ n^^'i?,^ ^ ''^'^P"^ 

tor 174 also includes a phase-locked loop that controls '^^^^ ^20. The flip-flop 242 will therefore remam 

the timing interval of the one-shot 222. The rising edge „ ^ o., • , . 

of the output of the one-shot 222 triggers a one-shot 226 . consecutive SI. S2 signal P«rs have ar- 

having a timing imerval of 150 ns On termination of "^^^l^ 1 Vo^l''"! '' n?^^^^^ '^T'" '"^ 

this interval, the output of the one-shot clocks an en- iV^i^T^?!'^^^^ 

n;« tu^ ^* ^ Signal Will permit the one-shot 240 will time 

^' J^nK^ "'"^^ ^'^'^ ^^^^<^ >o^P ^P^'^'^' ^^^y ^ S1.S2 si Jkal pi that 

ine wip-nop iw, ^ • follows an S1,S2 signal pair in the immediately preced- 

Assume first that the interval of the one-shot 222 is j„g f^^^ *^ ^ ^ 

slightly shorter than the nominal V 35 The above-described operation of the SYNC 2 detec- 
out somewhat before the 150 ns interval preceding the ^^r is especially important in guard band areas, where a 
S2 signal. "Die flip-flop 226 will then time out shorUy significant percentage of SYNC 1 signals will be miss- 
before the S2 signal so that when the latter signal ar- jj^g 

rives, the rwulting clocking of the flip-flop 230 will pjo, 13 depicts the SYNC 1 pattern detector 190. It 
occur after the fliphflop has been enabled, thereby set- 40 includes a flip-flop 244 which is enabled by the SYNC 

tmg the flip.flop^ pe resulting output of the flip-flop 1 g^^e signals generated by the decoder 188 in FIG. 10. 

230 will be passed by a gate 232 to a charge pump 234<2 jhese gate signals occur during an interval encompass- 

which, for exanjple, applies a positive charge to an i„g the time of arrival of an SI signal if that signal is 

integrator 236 whose output voltage controls the timmg present in a servo frame. The flip-flop 244 is clocked by 
mterval of the one-shot 222. The integrator output will 45 the detected servo signals from the detector 172 of FIG. 

change in a direction to increase the timing interval of n. -phe flip-flop is thus set each time an SI signal is 

the one-shot 222. The mterval will then be slightly received. 

longer than the nominal value. The resulting delay in The output of the flip-flop 244 is applied to a shift 

the tnggermg of the one-shot 226 will delay the setting register 246 which is clocked by the trailing edge of the 
of the flip-flop 228 and the enabling of the flip-flop 230 50 SYNC 1 gate signal. Thus, the shift register 246 conuins 

until after the arrival of the next S2 signal. a running pattern of bits representing the presence or 

The pulse from the flip-flop 218 corresponding to the absence of the SI dibit in successive frames in the servo 

S2 signal will therefore arrive with the flip-flop 230 surface depicted in FIG. 2A. The contents of the shift 

disabled, thereby resetting the flip-flop. The resulting register 246 are applied parallel to a latch and decoder 
output of the flip-flop 230 will be passed by a gate 238 55 248. The latch and decoder 248 latches in the contents 

to a charge pump 2346 which applies a negative charge of the shift register 246 in response to the A gate signal, 

to the integrator 236. The integrator output will thus thus being the first signal in each frame generated by the 

change in the direction that shortens the timing interval decoder 188 of FIG. 10 following the receipt of the S2 

of the one-shot 222. Thus the timing of the one-shot 222 signal. 

is "dithered" back and forth in a small interval encom- 60 The latch and decoder 248 provides an output signal 

passing a time corresponding to the interval of the one- if the bit pattern contained therein indicates any of the 

shot 256 (ISO ns) prior to the occurrence of each 82 conditions indicated in FIG. 13. The generation of the 

P^se. index, outer guard band and inner guard band signals 

The flip-flop 228 is reset by the output pulses from the have been discussed above. The soft error signal is as- 
flip-flop 218 shortly after clocking of the flip-flop 230. 65 serted if the bit pattern has a one-bit error. The soft 

as indicated by the delay element 239. This readies the error signal is asserted if the bit pattern has a one-bit 

flip-flop 228 for setting by the output of one-shot 226 in error. The FLO UNSAFE signal is asserted if the bit 

each cycle of the phase-locked loop. pattern has an error in two or more bits. This signal is an 
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indication of the possible unreliability of the outputs of FIG. 6 is a diagram of the detector 36, which detects 

the phase-locked loop unit 70. the embedded servo signals and develops the embedded 

In FIG. 2B I have illustrated the format of the embed- position error signal in response thereto. The various 

ded servo information in data tracks on one of the data timing signals used in FIG. 6 are generated by a decoder 

surfaces in the disk assembly 10. A series of data tracks S 262 whose input is the content of the counter 186 of 

are denoted by their, centerlines 250, 251, etc. Each FIO. 10. The timing of these signals and the signals 

track contains a series of sectors, each of which includes processed by the demodulator 36 are depicted in FIG. 

a servo field 254 followed by a data field 256. The servo 7. 

fields 254 contain two sets of servo signal blocks, desig- ^ith reference to FIG. 6, the input to the demodula- 

nated "X" and "V*. Each block is centered on a track I^ % ^^om the head selection and amplifier unit 32, 

boundary (not shown), has a width of one track, and passes through a summer 264 to an input amplifier 266. 

thus spans the distance between the two adjacent track The output of the amplifier 266 is passed through an 

ccntcriincs. The X blocks arc centered on alternate L-C tank circuit 268 whose resonant frequency equals 

track boundaries and the Y blocks are centered on alter- ^^c frequency within the signal burst contained in each 

nate boundaries staggered with respect to the blocks X. " of X aisd Y servo data blocks (HO. 2B). The tank 

Thus, as the disk rotates under a read/Write head 262 circmt 268 is keyed on and offby a reset L-C tank signal 

positioned over the track ccntcriinc 251, a portion of an ^oin the decoder 262, this signal effectively short^ir- 

X servo block will pass under the head followed by a ^uitmg the tank circuit at times oAcr thw Uie Umw of 

portion of a Y servo block. The system determines the f ^ and Y bursts, as mdicated in FIG. 7. TTie 

radial position of the head 262 with respect to the cen- ^0 form of the output of the tank circuit 268 is also de- 

tcrline 251 by ascertaining the relative proportions of P'™* , . . 

the widths of the X and Y blocks passing under the ^/"?J!J circmt 268 passes through an 

jjg^jj ^ ^ amplifier 270 to a full wave rectifier 272 whose output 

More specifically, each X or Y servo block contains a |? ^'^^'^^ f «^ ^74. The filterad sigiial 

magnetically recorded high frequency burst. The ampli- then passes through a switch 276 and a resetable inte- 

tud! of the burst received from the X block by the hL f^X'^'r^t}^'^^ V^Zr^'in Sf'/Zt 

262 is compared with the amplitude received by the 7' /J^S?, mo^ f^^^^^ «nfl>oW 

succeeding Y block. Equality of the two indicates that '^'A^rf^?f 

^, .jP ^ j mm* cuits 282 ana 284. If the servo burst contained m the 

the head IS centered on the centerime 251; if Uiey are 3^ .^^^ ^^^^ ^ ^^^^^ ^^^^^ 

unequal the magnitude of the difference of the detected ^eld in the circuit 282. If it is from an inner block, it is 

amphtudes is a measure of the off-center distance of the j^^j^ j„ ^^^^ ^M, Thus, at the end of each embed- 

f r 1. . t. u ^ ^ . • ded servo field, the sample and hold circuits 282 and 284 

It should be noted that when the head 262 is posi- ^^^^^^ ^^^^^^ ^^^^ corresponding to the sensed 
tioned over an odd numbered track, such as the track 35 amplitudes in the outer and inner servo blocks in the 
251, the X servo blocks are radially outer blocks with ^ata track on which the selected data head is positioned, 
respect to the track centerime and the Y blocks are contents of the sample-and-hold circuits are 
radially inner blocks. Conversely, when the head 262 is passed through buffer amplifiers 286 and 288 to an auto- 
positioned over an even nuinbered track, the Y blocks ^^^^^ g^i^ control circuit generally indicated at 290. 
are outer blocks and the X blocks are mner blocks. This 40 After gain correction by the circuit 290, they are sub- 
causes the sense of the position error signal denved trgcted in a differencing amplifier 292 whose output is 
from the X and Y blocks to depend on whether the the embedded track error signal, 
track is even-numbered or odd-numbered, a factor that More specifically, with further reference to FIG. 6B, 
is taken into account in the operation of the embedded in the automatic gain control circuit 290, the outer and 
servo detector 36, 45 inner signals pass through switch attenuators 294 and 

It will be apparent that the X and Y servo blocks in 296. low pass filters 298 and 300, and buffer amplifiers 
FIG. 2B need not be positioned in the circumferential 302 and 304. The outputs of the buffer amplifiers are 
direction with a high degree of accuracy. They should applied to the differencing amplifier 292. They are also 
be spaced apart circumferentially by a distance greater applied to a summer 306 which compares the sum of 
than the width of the magnetic gap in the head 262 so 50 their voltages with a reference voltage, A voltage corn- 
that the head will not receive energy from an X block parator 308 asserts its output whenever the sum of the 
simultaneously with the receipt of energy from a Y output voltages of the buffer amplifiers 302 and 304 
block. Also, there should be deadbands before the X exceeds the reference voltage. In response to the asser- 
blocks and after the Y blocks, so that the head 262 will tion level, a switch driver 310 switches the attenuators 
not receive any other signals when it is receiving X 55 294 and 296 to their attenuating condition. With the 
block or Y block signals. Other than that, the circumfer- illustrated attenuators, each of which comprises a series 
ential positioning of these servo blocks is subject to a resistor and a shunt switch, this drops the output volt- 
relatively wide tolerance, depending on the constraints ages of the attenuators, to zero. The output voltages of 
imposed by the timing signals used in detecting the the low pass filters 298 and 300 thereupon begin to 
servo information. 60 decrease and when their sum becomes less than the 

A resulting important feature of this arrangement is reference voltage applied to the summer 306, the com- 

the ability to use the disk drive itself in recording the parator 308 deasserts its output. As a result, attenuators 

embedded servo signals. A highly accurate servo re- 294 and 296 are switched to their non-attenuating condi- 

cording system need be used only to record the signals tion so that the output voltages of the low pass filters 

on the dedicated servo surface. The signals retrieved 65 298 and 300 once again begin to increase, 

from that surface may then be used by the illustrated In operation, the attenuators 294 and 296 are rapidly 

drive itself in recording the embedded servo informa- cycled back and forth between their attenuating and 

tion on the other data surfaces. non-attenuating conditions, the rate at which this 
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switching occurs dqwnding on the time constant of the 
low pass filters 298 and 300 and the dead band of the 
comparator 308. Preferably the comparator 306 has a 
negligible dead band and as a result the attenuators 294 
and ^ are switched at a rapid rate, e.g.t 1-5 MHz. The 
gain control circuit 290 thus has a fast response, typi- 
cally of several microseconds, to changing input signal 
conditions and furthermore can accommodate a wide 
range of input signal levels. 
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that input section is already at the same potential as the 
input terminal of the differentiator output section 326. 
Consequently there is no current surge as a resulting of 
the enabling of any of the switches, with a resulunt 
prevention of voltage spikes in the velocity signal. 

The velocity estimator 58 also includes a novel ar^ 
rangement for reducing the effects of high-frequency 
noise in the velocity signal. The differentiation that 
provides the velocity signal also emphasizes high*fre- 



The circuit of the velocity estimator 58 (FIO. lA) is 10 quency noise components which can have an adverse 



depicted m FIO. 14. During seek operations, the veloc- 
ity estimator 58 derives its signals by differentiating the 
respective position error signals provided by the dedi- 
cated servo data demodulator 40 (FIG; IB). As seen in 
FIG. 3B, the mid-voltage portion of the (A^) signal 
occurs when the servo head is over tracks identified as 
*W*, This mid-portion is the most linear part of the 
signal. Therefore, it is used for velocity estimation and 
also, as described below, for position estimation. For 



eflect on system operation. One might reduce the effect 
of such noise by passing the velocity signal through a 
low-pass filter having an appropriately high half-power 
frequency. However, a filter will affect the phase of 
15 signal components at lower frequencies and in particu- 
lar at frequencies within the pass band of the servo loop, 
thereby presenting an instability pix)blem if high loop 
gain is used. Instead of using a conventional low-pass 
filter, I reduce the noise by appropriate selection of the 



the same reasons, the (D-B) signal is used when the 20 conventional slew rate capacitor connected to the am- 



servo head is over an "01" track, the (C-A) signal is 
used when the head is over a "10" track, and the (B-D) 
signal is used when the head is over a "11" track. The 
velocity estimator 58 selects these signals by means of 
the track designations provided by the track identifying 25 
unit 68 (FIG. lA). 

More specifically, returning to FIG. 14, the position 
signals from the demodulator 40 are applied to a set of 
differentiator input sections 312, 314, 316, and 318, each 



plifier 326a. This capacitor, which is indicated at 326c, 
has a substantially higher capacitance than conventional 
slew rate capacitors, e.g. 30 pf. Slew rate control in a 
conventional operational amplifier provides an essen- 
tially unaffected gain and phase characteristic out to a 
slew rate (frequency-amplitude combination) deter- 
mined by the slew rate capacitor. At that frequency 
there is a sharp change in characteristics, with the gain 
dropping off at a rapid rate. I select the capacitance of 



of which comprises a series capacitor 320 and a series 30 the capacitor 326c to set the slew rate to correspond to 



resistor 322, followed by a switch 324. The switches 324 
are used to selectively connect the input sections 
312-318 to a differentiator output section 326 that com- 
prises an operational amplifier 326a provided with feed- 
back by means of a resistor 326^. For velocity estima- 35 
tion during track following operations, the negative 
position error signal from the position estimator 44 
(FIG. lA) is applied to a differentiator input section 328 
which includes, as an additional, element, an inverter 



a carriage acceleration slightly greater than the maxi- 
mum acceleration of which the positioning system is 
capable. This substantially reduces the noise in the ve- 
locity signal while leaving unaffected the gain and 
phase characteristics of the servo loop. 

FIG. 15 depicts the circuit used in the position esti- 
mator 44. The position error signals from the dedicated 
servo demodulator 40 are received by a set of switches 
342 which selectively apply these signals to a buffer 



330 because of the inverted nature of the input signal to 40 amplifier 344. Each switch 342 is enabled in accordance 



that section. 

For the two modes of normal system operation, the 
velocity estimator is switched by a dedicated/embed- 
ded selection signal from the drive control unit 30. 
When this signal is asserted, it enables a set of gates 45 
332-338 to pass track-type signals from the identifica- 
tion unit 68. These signals control the switches 324 in 
the differentiator input sections 312-318. Thus, in ac- 
cordance whh the track-type identification, the appro- 



with the track-type identification provided by the track 
identification unit 68. This applies the appropriate input 
signal to the amplifier 344 according to the track type 
over which the selected data head is positioned (FIG. 
3B). The output of the amplifier 344 is applied to a 
selector switch 346. The same signal is also passed 
through a high pass filter 348 to a summing junction 
350. The embedded track error from the demodulator 
36 is also applied to the summing junction 350, whose 



priate input signal from the demodulator 40 is differenti- 50 output in turn is passed to the selector switch 346. The 



ated to provide the velocity output signal of the estima- 
tor 58, When the dedicated/embedded signal from the 
control unit 30 is deassened, i.e., during track following 
operations, the output of an inverter 340 enables the 
switch 324 in the input section 328, so that the velocity 
output is derived from the composite track error signal. 

A feature of the circuit is the configuration of each of 
the switches 324. Each switch is a two-position switch 
which, when enabled, connects its differentiator input 



signal selected by the switch 346 is applied to the input 
terminal of an amplifier 352 provided with negative 
feedback as shown. The output of the amplifier 352 is 
the composite track error signal. 
55 The switch 346 operates in response to the dedicated- 
/embedded signal from the control unit 30. When this 
signal is asserted, the switch 346 applies only the dedi- 
cated track error signal to the amplifier 352. The result- 
ing composite track error signal is used by the servo 



section to the output section 326. When the switch is 60 system when the selected data head is within 2.5 tracks 



disabled, it is not merely opened, but rather it connects 
the input section to ground. Thus the right-hand elec- 
trode of the capachor 320 in that section is held at 
ground potential. Furthermore, the input terminal of 



of the selected track centerline but is still more than 
one-half track distant from the centerline. When the 
selected head, comes within a distance of one-halftrack 
from its final on-centerline position, the control unit 30 
the amplifier 326/^ is maintained at ground potential by 65 deasserts the dedicated/embedded signal so that the 
virtue of the negative feedback provided by the resistor switch 346 connects the summing junction 350 to the 
3266. Accordingly, when one of the switches 324 is amplifier 352. The composite track error is then the sum 
enabled, the right-hand electrode of the capacitor.320 in of the embedded track error and the output of the high 
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pass niter 34S. In particular, it is the sum of the embed- blocks 258 and 260 are displaced one-half track from the 
ded track error signal and the high frequency compo- centerlines of the data tracks. That is, they are centered 
nents of the dedicated track error signal. The summed on the boundaries of the data tracks. Turning to FIG. 
signals have the characteristics indicated algebraically 3B, it will be seen that the (A-C), etc., error signals 
in the boxes 348 and 354 in FIG. 15. 5 provided by the dedicated servo demodulator 40 of 
The characteristics of these signals are graphically FIG. IB can be used for such halftrack positioning. For 
depicted in FIGS. I6A and 16B. As shown in FIG. 16A, example, at the boundary J between the **10" and "11" 
the frequency characteristics of the embedded position tracks, the sum of the (C-A) and (B-D) signals is 0. 
error signal, while exhibiting a high-frequency cut-off at Moreover, the sum increases with head movement in 
the sampling frequency, are not the same as the char- 10 the forward direction from that boundary and decreases 
acteristics of a low pass filter. with head movement in the reverse direction. Accord- 
Specifically, this signal exhibits an appreciable phase ingly, the sum of these two signals can be used to posi- 
lag at a frequency much lower than the amplitude cut- tion the data heads on the boundaries between "10** and 
off frequency. As a result, if one is to pass the embedded "11" data tracks. Similarly, other additive combinations 
error signal through a low-pass filter and the dedicated 15 of the signals depicted in FIG. 3B can be used to posi- 
signal diroug a high-pass filter and then combine them tion the data heads on other track boundaries for the 
as is conventionally done, the common half-power fre- voting of embedded servo blocks, 
quency of both filters has to be unduly low in order to Referring next to FIG. 15, during track-boundary or 
avoid problems resulting from the phase characteristic "half-track" positioning of the data heads, control unit 
of the embedded error signal. Indeed, in prior systems, 20 30 provides selection signals to the switches 342 that 
the common half-power frequency is 100 Hz. Since the select pairs of input signals in accordance with the sig- 
disk position servo loop commonly has a band width of nal pattern depicted in FIG. 3B. The sum of two se- 
the order of SOD Hz, reduction of the embedded error lected signals is therefore applied to the buffer amplifier 
signal at such a low frequency results in a loss of much 344 and, with the dedicated/embedded agnal asserted, 
of the highly accurate position information contained in 25 this sum is used as the output from the position estima- 
this signal. tor 44 to position the data heads. To accommodate this 
I have found that a substantially hnproved composite type of operation I have included a set of equal-resist- 
error signal can be obtained by not filtering the embed- ance resistors 356 in series with the switch 342. The 
ded error signal, as shown in the circuit of FIG. 15. The buffer amplifier 344 has an essentially infinite input 
dedicated error signal is passed through a high^pass 30 resistance. Accordingly, when a single switch 342 is 
filter having a half-power frequency much higher than enabled the corresponding input signal is received by 
in prior systems. For example, I have determined empir- the buffer amplifier 344 without attenuation. On the 
ically that a ratio of approximately 4 to 1 between the other hand, when a pair of input signals is selected, for 
sampling frequency of the embedded error signal and track-boundary operation, the two resistors 356 in- 
the half-power frequency of the high pass filter 348 35 volved serve as voltage dividers which reduce each of 
(FIG. 15) provides a highly accurate, fast responding the signal amplitudes by half. The sum of the two ampli- 
composite position error signal. tudes is thus equal to the amplitude of a single input 
For example, assuming that each data track contains signal and the servo loop can operate with the same gain 
64 sectors and the rotational speed of the disks is 3600 as with normal operation. 

rpm, the sampling frequency for the embedded error 40 As noted above, toward the end of a seek operation, 
signal Will be 3840 Hz as indicated in FIG. 16A. With when the servo head 27 (FIG. 1) is within 2.5 track 
the filter 348 of FIG. 15 having a half-power frequency widths of the destination track, the servo positioning 
of 1 KHz, the filtered dedicated error signal will have loop takes over. Specifically, the drive control unit 30 
the frequency characteristics exhibited in FIG. 16B. closes the position mode switch 54 (FIG. IB) to apply 
The composite signal will then have the characteristics 45 the composite track error signal to the summer 56. AJso 
shown in FIG. 16C. As shown therein, this signal which the dedicated/embedded signal is asserted so that the 
includes: a full contribution of the embedded error posi- track error signal consists solely of the output of the 
tion signal, has excellent phase and gain characteristics dedicated servo data demodulator 40 (FIG. IB). Refer- 
beyond the nominal 500 Hz band width limit of the ring to FIG. 3B, assume, for example, that the destina- 
servo loop. Thus the composite position error estimator 50 tion track is a "00" track whose centerline is at the point 
described herein makes full use of the embedded posi- indicated at 367. When the servo head is over that track, 
tion error signal without sufTering from loop instability. the (A-C) signal can be used as an position error signal. 

The position estimator 44 includes an arrangement, However, assuming that the head is approaching the 

similar to that of the velocity estimator 58 (FIG. 14), for destination track from the left, this signal cannot be used 

preventing voltage spikes when the high-pass filter 348 55 before the head arrives at the centerline of the prcced- 

is switched into operation. The filter 348 includes a ing "11" track. 

capacitor 357 in series with a resistor 359. a switch 361 Accordingly, when the head arrives at the boundary 

connects the capacitor to resistor 359 when the embed- K between the tracks designated *^1" and "10" in FIG. 

ded/dedicated signal is asserted. At other times it con- 3B, the drive control unit 30 (FIG. IB) causes the posi- 

nects the capacitor to ground, the potential at the input 60 tion estimator 44 (FIG. lA) to select the (B-D) signal, 

terminal of the amplifier 352. Thus, when the filter is At the same time, the drive control unit applies an offset 

connected to the amplifier, it does not cause a current to the digital/analog converter 60 corresponding to a 

pulse in the amplifier input. downward shift of the (B-D) curve by an amount that 

When the system described herein is used to ^yrite the makes it serve as a linear extension of the (A-C) signal at 

embedded servo data onto the data disks, the position 65 the boundary "L" between the "ll" and "00" tracks, 

error signals must be derived solely from the dedicated Specifically, as can be seen in FIG. 3B, the offset corre- 

servo disk. Moreover, as explained above in connection spends to a distance of one track. Than when the head 

with the description of FIG. 2B, the embedded servo reaches the track boundary "L", the drive control unit 
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30 removes the oflset and switches the (A-Q signal to 40, since those are excluded by the high pass filter 348 

the input terminal of the position estimator 44. The (FIG. 15). 

servo system than continues bringing the head within The two offsets to be measured are thus passed by the 

the destination 'W* track. At that point the control unit low-pass filter 360 to the analog/digital converter 362 

deasserts the dedicated/embedded signal to change the 5 and the drive control unit 30 then takes in the resulting 

output of the position estimator 44 to a combination of digital represenmion of the sum of those two offsets. It 

the dedicated and embedded error signals as described roodifles the sum in accordance with the previously 

above. measured offset in the filter 360 and converter 362. It 

During track*boundary operations the signals from then uses this number as the basis for adjusting con- 

the demodulator 40 used by the . position estimator 44 10 verter 358 and iterates until a correction value is estab- 

are derived from all four of the servo signals (A, B, C, lished that makes the composite TE voltage essentially 

and D) in the dedicated servo tracks. Accordingly, with zero. Finally, it stores the result in a memory 363. Dur- 

reference to FIG. 8, a half-track signal from the control ing track-following operations, the control unit 30 ap- 

unit 30 causes the selector switch 128 to select, for plies the result to the digital/analog converter 358. The 

automatic gain control feedback, the sum of all of these 15 converter 358 thus feeds the position estimator 44 with 

ugnals. a correction voltage that compensates for the offsets in 

The illustrated disk drive also includes provisions for the demodulator 36 and converter 358. 
applying corrections to the composite position error During normal track-following operations of the 
signals. These corrections arc of two types: one is com- system, offsets in the output of the dedicated servo 
pensation for various offset or zero shift factors in the 20 demodulator 40 are insignificant to system operation 
system. The net effect of these factors is to shift the zero since they are removed by the high pass filter 348 (FIG. 
point of the composite track error signal, with the result 15). However, the d.c. components in the outputs of the 
that the system maintains the heads at positions dis- demodulator 40 are used in maintaining the data heads 
placed from the desired track ccnterline positions. The at their track boundary positions when the system is 
second type of correction is of a more dynamic nature. 25 used to write the embedded servo signals on the data 
It compensates for such factors as track runout and bias surfaces. With reference to FIG. 3B, consider, for ex- 
forces exerted on the carriage 20 (FIG. IB). These ample, the graphical representation of the (A-C) signal 
factors are functions of the angular position of the disks as a function of head position. This signal has a nominal 
and the radial position of the heads, respectively. zero value at the track centerlines designated at 365, 

Some of the offset errors are corrected by an offset 30 366, and 367. In particular, the signal undergoes a corn- 
correction voltage injected into the position estimator plete cycle as the servo head moves from the centerline 
44 (FIG. 15) by an offset correction digital/analog con- 365 to the centerline 367. If there is an offset in this 
verter 358 (FIG. lA). Others are corrected by adjust- signal there will be a displacement of the zero points so 
ment of the digital signals applied to the velocity com- that the distance from the zero point 365 to the zero 
mand digital/analog converter 60. The drive control 35 point 366 will differ from the distance from the zero 
unit 30 of FIG. IB is programmed to run through the point 366 to the zero point 367. The system calculates 
following routine to ascertain and apply the various the offset in effect by measuring these distances, 
offset correction factors. More specifically to measure the offset in the (A-C) 

First, with reference to FIG. 1 A, the control unit 30 signal, the drive control unit 30 deasserts the dcdicated- 

applies a ground calibrate signal to a low pass filter 360 40 /embedded signal, selects one of the input signals, e.g., 

which normally receives its input signal from the posi- (A-C), for the position estimator 44 and initiates a slow 

tion estimator 44 and applies its output signal to an speed constant velocity seek operation. At the same 

analog/digital converter 362. The ground calibrate time, it activates a dedicated servo demodulator offset 

signal grounds the input of the filter 360 and the drive measurement unit 368. The circuit for the measurement 

control unit 30 takes in the output of the converted 362. 45 unit 368. is illustrated in FIG. 17. The control unit 30 

Any output other than zero indicates an offset within asserts a count enable signal that enables a flip-flop 400. 

the combination of the filter 360 and convener 362. The composite track error signal from the position esti- 

The control unit 30 then deasserts the ground cali- mator 44 is applied to a comparator 402 and when the 

brate signal and applies a calibration generation enable track error signal undergoes a positive-going transition, 

signal to the embedded servo data demodulator 36 50 it clocks the flip-flop 400 and thereby sets it. This ena- 

(FIG. IB). As shown in FIG. 6 A, this signal enables a bles a pair of gates 404 and 406. The gate 406 thus passes 

square wave generator 364 that applies its square wave the output of the comparator 402 to the enable input of 

signal to the summing junction 264 at the input of the a counter 408. The counter thereupon begins counting 

demodulator 36. The head selection unit 32 is shut off pulses from a high frequency clock. When die position 

and the squarewaves from the generator 364 thus pro* SS error signal undergoes a transition to the negative por- 

vide the only input to the demodulator 36. If there is tion of its characteristic, the comparator 402 deasserts 

any zero offset in the demodulator, it will then appear as its output, thereby disabling the counter 408. However, 

an output signal from the demodulator 36, by way of an inverter 410, comparator output enables a 

Returning to FIG. lA, the drive control unit also second counter 412 to count the clock pulses. The 

loads a content of zero into the digital/analog converter 60 counter 412 is then disabled during the next transition of 

358 so that any offset in the converter will be applied to the comparator 402 output. It will then be seen that the 

the position iestimator 44 along with any offset in the counter 408 counts during positive ponions of the 

embedded servo data demodulator 36. Furthermore, the (A-C) signal and the counter 412 counts during the 

control unit 30 asserts the dedicated/embedded signal. negative portions. This operation continues, with the 

The composite track error from the position estimator 65 counters counting the intervals of successive positive 

44 thus includes the offsets of the demodulator 36 and and negative portions of the error signal, a substantial 

the digital/analog converter 358. It does not include number of such intervals being counted to reduce the 

any offsets from the dedicated servo data demodulator effects of noise. When the control unit 30 detennines 
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that the sum of the contents of counters 408 and 412 
reach a predetermined level it deasserts the count en- 
able signal and the next rising transition from the com- 
parator 402 clocks the flip-flop 400, thereby resetting 
the flip-flop and disabling the gates 404 and 406. With 
this arrangement, the counters 408 and 412 measure the 
lengths of an equal number of "half-cycles" of the sig- 
nal. 

The difference in the contents of the counters 408 and 
412 is a measure of the offset of the (A-C) error signal 
The drive control unit 30 calculates an appropriate 
change in correction value. It then uses this number as 
the basis for adjusting converter 358 and iterates this 
procedure until a correction value is established that 
makes the effective measured offset in the composite 
TE signal essentially zero. Finally, it stores the correc- 
tion value in the memory 363. The operation is then 
repeated for the other output signals from the demodu- 
lator 40 (FIG. IB). The correction values thus obtained 
are then sent to the offset correction digital/analog 
converter 358 (FIG. 1 A) during writing of the embed- 
ded servo signals. Specifically, the drive control unit 30 
applies the average of the offset corrections for each 
pair of signals from the demodulator 40 used by the 
position error estimator 44 during servo writing. 

Finally, the drive control unit measures the carriage 
bias force and the track runout, the latter measurement 
being made separately for each disk in the disk assembly 
10. The corrections required to compensate for these 
offsets are stored in memories 370 and 372 (FIG. IB). 
The control unit 30 applies the sum of these corrections 
to the digital/analog converter 52 (FIG. lA) in accor- 
dance with the radial position of the heads (bias force) 
and the angular position of the disks (runout). While 
there are a number of available methods for ascertaining 
these corrections, I prefer to use the method disclosed 
in my copending application referenced above. 

The invention also relates to the method in which the 
servo signals are written on the dedicated servo surface. 
The servo head 27 has a width of two servo tracks, as 
explained above. It can thus write an entire A, B, C or 
D dibit at one time. Assume that the servo surface were 
to be written in a conventional manner beginning at the 
top of FIO. 2A. The data head would switch to a full 
positive current, then to a M] negative current in writ- 
ing the first SI dibit, the negative current would remain 
on until the beginning of the S2 dibit when it would 
switch to full positive and then a full negative value to 
write that dibit. On arriving at the position of the A 
dibit, the polarity of the head current would again re- 
verse to positively polarize the magnetic medium and 
then switch to a negative value to negatively polarize it. 
Ignoring for the purposes of this explanation the pres- 
ence of a portion of a D dibit, the head would continue 
to magnetize the medium in the negative direction until 
the position of the next SI dibit. Thus, in the region 
between dibits, the medium would be polarized in the 
negative direction. This background polarizadon is 
required to ensure the absence of spurious signals in 
reading from the disk. 

After completion of the first revolution of the disk 
surface, the head would be moved downward (FIG. 
2A) by one track to write the B dibits. One way to 
accomplish this would be to proceed as in the previous 
revolution and rewrite the lower halves of the A dibits, 
with the negative current in the head remaining until 
the positions of the B dibits are reached, then switching 
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the head current to the positive and the to negative 
direction to write the B dibits. 

This procedure presents two problems. In the first 
place it is diflicuh, if not impossible, to write a new 
5 lower half of a dibit that will be essentially exactly 
aligned with the upper half. This misalignment is ac* 
cepuble in the synchronizing dibits, but in the position- 
ing dibits it adversely affects the position-sensing capa- 
bility of the system. To overcome this problem, one 
10 might turn off the writing current before reaching each 
A dibit and then turn it on again before reaching the 
position of the succeeding B dibit. However, this would 
not solve the second problem, which would occtir dur- 
ing the writing of the C dibits. 
IS Specifically, when the head is moved to the next 
track to write the C dibits, it would have to polarize the 
medium in the intervals from the S2 dibits to the B 
dibits. In passug the A dibits, the fringe fields from the 
head would change the magnetizations in the lower 
20 portions of the A dibits. This in turn would alter the 
characteristics of the signal received from the A dibits 
and, in particular, would adversely affect the linearity 
of the received signal as a function of the radial position. 
I have overcome these problems by first pre-polariz- 
25 ing the entire disk siuface with the desired background 
or interbit polarization. In that case, when writing the C 
dibits, for example, the servo head need not polarize the 
disk in the region below the A dibits, that polarization 
having been accomplished before the A dibits were 
30 written. Thus the A dibits are unaffected by the writing 
of the C dibits. To write the C dibits, for example, the 
servo head is turned off after the writing of the S2 dibit. 
It is turned on again in the negative (background) direc- 
tion after passing the B dibits. This causes no change in 
35 the magnetic surface since it is already polarized in the 
same direction. Then, when the position of a C dibit is 
reached, the polarity is switched to the positive direc- 
tion and then back again to the negative direction to 
write the dibit. It is left on just long enough to write the 
40 C dibit and is turned off before the D dibit period. With 
this procedure I have obtained the linearity of the posi- 
tion signals derived from the positioning dibits required 
for close tolerance operation of the head-poutioning 
system. 

45 What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. In a disk drive system that contains information 
recorded in circular tracks and servo signals also re- 
corded in circular tracks and a servo sensor for sensing 

SO said recorded servo signals and providing in response 
thereto sensed servo signals indicating the radial posi- 
tion of a head that senses said recorded information, a 
head positioning system for radially positioning said 
sensing head over selected tracks, said positioning sys- 

55 tem responding to a signal derived from said sensed 
servo signals* said derived signal varying cyclically as a 
function of the radial position of said sensing head, said 
derived signal having a DC offset from a reference 
level, means for removing said offset by causing a con- 

60 stant-velocity radial displacement of said head, measur- 
ing the relative durations of the positive and negative 
half-cycles of said derived signal relative to said refer- 
ence level and adding to said derived signal* for inclu- 
sion therein, an offset voltage sufficient to equalize said 

65 durations. 

2. The system defined in claim 1 including: 

A) a clock providing clock signals; 

B) fu^t and second Counters; 
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C) means for sensing the polarity of said derived 
signal; and 

D) means responsive to said polarity sensing means 
for: 

i) causing said first counter to count said clock 5 
signals when said polarity is positive; and 

ii) causing said second counter to count said clock 
signals when said polarity is negative, 

whereby the contents of said counters are measures of 
the durations of said positive and negative polarities. 10 

3. The system defined in claim 2 including means for 
inhibiting the counting by said counters upon the count- 
ing of a predetermined plurality of said durations by 
each of said counters. 

4. The system defined in claim 3 including: IS 

A) a first gate circuit which, when enabled, passes a 
first enable signal to said first counter, said first 
counter counting during the assertion of said first 
enable signal; 

B) a second gate circuit which, when enabled, passes 20 
a second enable signal to said second counter, said 
second counter counting during the assertion of 
said second enable signal; 

C) a comparator providing a polarity signal having a 
firet level when said derived signal polarity is posi- 25 
tive and a second level when said derived signal 
polarity is negative; 

D) means for providing a control signal during the 
assertion of which said counters are to count said 
clock signals; 30 

E) a flip-flop responding to the transitions in the 
output of said comparator indicating a transition 
from a first one of said polarities to the other of said 
polarities, said flip-flop being connected to said 
gates to enable said gates when the content of said 35 
flip-flop indicates the assertion level of said control 
signal; and 

F) means for applying the output of said comparator 
to one of said gates and the inverted output of said 
comparator to the other of said gates, whereby 40 
during the assertion of said control signal each of 
said counters counts the same integral number of 
durations of one of said polarities of said derived 
signal. 

5. In a disk drive system that contains information 45 
recorded in circular tracks and servo signals also re- 
corded in circular tracks, a servo sensor for sensing said 
recorded servo signals and providing in response 
thereto sensed servo signals indicating the position of a 
head that senses said recorded information, said servo 50 
signals being disposed in circumferentially spaced sets 
thereof, each set comprising radially aligned signals in a 
succession of tracks, a head positioning system for posi- 
tioning said sensing head over selected tracks, said head 
positioning system responding to signals derived from 55 
the sensed servo signals, said derived signals varying 
cyclically as a function of the ritdial position of said 
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head, each of said derived signals having a DC offset 
relative to a reference level, means for removing said 
offsets by causing a constant velocity radial displace- 
ment of said head and, for each of said derived signals, 
measuring the durations of the positive and . negative 
polarities thereof relative to said reference level and 
adding to each of said derived signals for inclusion 
therein an offset voltage sufficient to equalize the dura- 
tions of said positive and negative polarities of that 
signal. 

6. The system defined in claim 5 including: 

A) a clock providing clock signals; 

B) first and second counters; 

C) means for sensing the polarity of a derived signal; 

D) means responsive to said polarity sensing means 
for: 

i) causing said first counter to count said clock 
signals when said polarity is positive; and 

ii) causing said second counter to count said clock 
signals when said polarity is negative, 

whereby the contents of said counters are measures of 
the durations of said positive and negative polarities. 

7. The system defined in claim 6 including means for 
inhibiting the counting by said counters upon the count- 
ing of a predetermined plurality of said durations by 
each of said counters. 

8. The system defined in claim 7 including: 

A) a first gate circuit which, when enabled, passes a 
first enable signal to said first counter, said first 
counter counting during the assertion of said first 
enable signal; 

B) a second gate circuit which, when enabled, passes 
a second enable signal to said second counter, said 
second counter counting during the assertion of 
said second enable signal; 

C) a comparator providing a polarity signal having a 
first level when said derived signal polarity is posi- 
tive and a second level when said derived signal 
polarity is negative; 

D) means for providing a control signal during the 
assertion of which said counters arc to count said 
clock signals; 

E) a flip-flop responding to the transitions in the 
output of said comparator indicating a transition 
from a first one of said polarities to the other of said 
polarities, said flip-flop being connected to said 
gates to enable said gates when the content of said 
flip-flop indicates the assertion level of said control 
signal; and 

F) nieans for applying the output of said comparator 
to one of said gates and the inverted output of said 
comparator to the other of said gates, 

whereby during the assertion of said control signal each 
of said counters counts the same integral number of 
durations of one of said polarities of said derived signal. 
* » * » * 
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